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Abstract 
The periphyton of acid, dystrophic bogs was investigated. Glass- 
slides were exposed in four different bog lakes about 100 km north 
of Berlin, Germany, in order to examine the species composition and 
the annual cycle of the protist community. The annual cycles of the 
periphyton in bog lakes were comparable to those in other 
mesotrophic lakes: During the winter months small heterotrophic 
flagellates (HF) dominated the periphyton community. Besides that 
bacterivorous ciliates were present as typical pioneer species. At the 
end of the ice covering, almost exclusively unicellular green algae 
colonized the slides. In May high abundances of ciliates and 
choanoflagellates were observed. At the same time, a maximum of 
species was reached. From August o October peritrich ciliates ig- 
nificantly contributed to the periphyton. Their number decreased 
when early frosts occurred. 
The four investigated bog lakes exhibit very similar species com- 
positions, almost all of the species were present in each of the four 
lakes. Differences were only distinct concerning the dominance of 
some protistan groups. The largest deflections, however, occurred 
not between two lakes, but between two habitats within one lake: 
The upper 30 cm of the Sphagnum at comprise two very different 
protistan communities, determined by a strong vertical zoning. Due 
to the different light and nutrient conditions, the slides of the upper 
region exhibited a denser colonization, mainly consisting of an- 
totrophic ryptomonads and vagile ciliates. In contrast to this, the 
slides of the deeper region were mainly colonized by heterotrophic 
flagellates and sessile peritrich ciliates. 
Introduction 
Mires represent exceptional ecosystems, ince they are habi- 
tats in which the production and accumulation of the organic 
material as a result of photosynthesis of the plants is greater 
than its degradation. This outstanding and important role of 
intact mires concerning their productivity, their function as 
water eservoirs and of course their specialized species com- 
position has been realized only during the last decades. 
Growing mires are of high protective value, since they repre- 
sent some of the last natural ecosystems. 
Bogs (especially with lakes) possess habitats that can vary 
extremely from dry to soaking wet or even submerged. This 
extreme nvironment requires certain adaptations of the pe- 
riphyton community and the ecology should be shown in de- 
tail. Nevertheless, tudies of the protist groups and their sea- 
sonal and spatial distribution i  mires are rare and superficial 
although a lot of protists were found to inhabit he different 
habitats of these biotopes. The flagellates of mires have not 
been investigated or figured out in detail. Even in general 
studies about flora and fauna of mires this group has been ne- 
glected (e.g. HARNISCH 1925, 1929). GROLII~RE (1975a, 
1975b, 1977a, 1977b, 1978) and WENZEL (1953) investigat- 
ed the ciliates of acid bogs in great detail and described nu- 
merous new species. Apart from that only very old examina- 
tions deal with ciliates in mires (e.g. LEVANDER 1900; MER- 
MOD 1914; SCHLENKER 1908; THIEBAUD & FAVRE 1906). The 
testate amoebae are tyrphobionts or sphagnobionts and re- 
garded as characteristic organisms of mires. Therefore, com- 
prehensive studies exist concerning distribution, zonation, 
ecology and systematic of testate amoebae in mires (e.g. 
HARNISCH 1925, 1927, 1929; MEISTERFELD 1977, 1979a, 
1979b; SCHONBORN 1962a, 1962b, 1963, 1964, 1990). 
The vegetation of the bog lakes investigated in this study 
was described by FISCHER (1960, 1977) and KRAUSCH 
(1968). KRAUSCH & SCHEFFLER (1974) reviewed the flora 
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and fauna of the bogs in a general overview. Several investi- 
gations were made concerning the fauna of the different bog 
lakes and the analyses of sediment cores (CASPER & SCHEFF- 
LER 1990; FLOSSNER 1990; KASPRZAK et al. 1988; KREY & 
KLOSS 1990; PROFT & KREY 1990). SCHEFFLER (1970) inves- 
tigated the dragonflies and SCHONBORN (1962a, 1962b, 1963, 
1964, 1990) the testate amoebae of the area. DONAT (1926) 
described the desmids of some lakes in this region. 
This study of the periphyton reveals the annual cycles of 
the different groups of organisms at different sites in four bog 
lakes, in order to show the seasonal changes within the peri- 
phyton and the role of the protist groups in extreme habitats. 
Besides that, the differences in the protist community of the 
four bog lakes and the differences to other lakes are discussed. 
Description of the bog lakes 
moraines which were formed during the Frankfurter Staffel 
of the Weichselian stage of the last glaciation, approximately 
12,000 years ago. All bogs are very small and are located in 
kettle holes within uninhabited forest areas. Therefore they 
reveal ittle anthropogenic impact and appear as relative sta- 
ble ecosystems (Succow 1991). The bogs possess dystrophic 
lakes which are only supplied by rain water and the run-off 
from surrounding land. These lakes are characterized by a 
high content of humic acids, a subneutral to acid pH, dys- 
trophic nutrient conditions, little plankton productivity, sur- 
rounding Sphagnum ats, and a depth of only 3-4 meters. 
The four bogs are different concerning their natural envi- 
ronments, therefore short descriptions of the lakes are given. 
The data were combined after BAUER (1973), KRAUSCH 
(1974), SCHEFFLER (1970), SCHONBORN (1990), data supplied 
by the "Seenkatasteramt Brandenburg", and own measure- 
ments. 
The investigated bog lakes are part of the south-west region 
of the "Mecklenburgische S enplatte", about 100 km north 
of Berlin (Germany). The bogs are situated between terminal 
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Fig. L Topographic map of the four investigated bog lakes, a - Lake Himmelreichsee; b - 
Lake Teufels-See; c - Lake Groger Barschsee; d - Lake Kleiner Barschsee. 
• H immel re iehsee  (Fig. la) 
Lake Himmelreichsee with an area of 6.5 hektar, is the 
largest of the investigated bogs. It is a conservation area and is 
located north of the city of Rheinsberg 
within a large forest. The lake itself com- 
prises an area of 2.5 hektar and reaches a
maximum depth of 4 meters. In general, 
the water is more or less brownish. The 
pH ranges from 5.4 (August 1993) to 6.3 
(June 1993). The highest water tempera- 
ture during the summer months was 
measured in June 1993 (21 °C). 
• Teufe ls -See  (Fig. lb) 
Lake Teufels-See is not directly sur- 
rounded by trees, but the forest leaves a 
large clearing around the lake and the 
kettlehole-like location of the bog is not 
distinct in all directions. The Teufels- 
See is located near the north bight of 
Lake Stechlin and is part of a big na- 
tional park of the same name. The ter- 
restrialization of the lake is not ad- 
vanced yet. The bog embraces an area 
of 2.65 hektar, the lake has an area of 
0.9 hektar and reaches a maximum 
depth of 4 meters. Its water is of green- 
brown colour throughout the year, and 
the pH varies from 5.4 (March 1993) to 
6.7 (July 1993). The highest water tem- 
perature during the summer months was 
measured in June 1993 (25 °C). 
The other two investigated bog lakes 
are situated close to each other south of 
Lake Stechlin and are also integrated in 
the above mentioned national park. 
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• Grol~er Barschsee (Fig. lc)  
Lake Grol3er Barschsee comprises an area of 0.32 hektar 
and is up to 3 meters deep. It is closely surrounded by forest 
and therefore rather shady. The lake water is very clear with 
a pH between 4.8 (July, August 1993) and 6.0 (April 1993). 
The highest water temperature during the summer months 
was measured at the end of April 1993 (21 °C). 
• Kleiner Barschsee (Fig. ld) 
Lake Kleiner Barschsee with an area of 0.3 hektar and a 
depth of maximal 3.3 meters is the smallest of the investigat- 
ed lakes. It is clearly situated in a kettlehole-like basin and 
closely surrounded by forest. The pH of the water ranges 
from 4.4 (August 1993) to 6.7 (April 1993) and the colour is 
green-brown. The highest water temperature during the sum- 
mer months was measured at the end of May 1993 (20 °C). 
Material and Methods 
Sampling 
During one year (from September 1992 to September 1993), glass- 
slides as artificial substrates were exposed at the border between the 
water and the Sphagnum ats in the four described bog lakes. The 
slides were placed vertically in slide holders according to WILBERT 
(1969), each holder comprising 10 pairs of slides. In the smaller 
lakes Teufels-See (Fig. lb) and Kleiner Barschsee (Fig. ld), only 
one holder was exposed. In Lake Himmelreichsee two holders were 
located at different sites (Fig. la): Location A was sunny, a Sphag- 
m~nz mat was present, and the water depth at that point was about 1 
meter. Location B was more shady and no Sphagnum at was devel- 
oped. The water here was only 0.30 meter deep. In Lake Groger 
Barschsee also two slide holders were exposed at different sites (Fig. 
lc): Holder A was located about 10-15 cm beneath the water surface 
and partly covered by the Sphagnum plants. Holder B was placed 
within a well developed Sphagnum at, only 5 cm beneath the water 
surface. The samples were collected alternating every two weeks. 
From January to early April 1993 the lakes were covered with ice (in 
February up to 10 cm thick), therefore at this time the sampling 
could only be performed irregularly. 
According to investigations of W~LBERT (1969), an equivalent 
colonization of all slides within a holder could be assumed, and for 
every sampling date only two slides were evaluated. The slides were 
transferred injars containing lake water of the sampling site. During 
the transport about 100 km they were stored in a cooling box, and 
subsequently hey were placed in a culture chamber with a constant 
temperature of 18 °C. 
Counting of the protists 
Counting was carried out as soon as possible, in general on the next 
day, least on the second ay after the sampling. CAIRNS et al. (1979) 
showed that with a counting of periphyton within 48-60 hours after 
sampling, no significant changes in species number and composition 
occurred. Life counting was choosen, since it prevents from loss or 
deformation of the cells through fixation, especially within the 
sometimes very delicate heterotrophic flagellates. Also the detrital 
masking of small fixed protists is avoided by this method. Besides 
that, the species determination could be based not only on morpho- 
logical characters, but also on behaviour and movement of the cells. 
One of the two slides was examined at 200 fold magnification by 
means of an Axiophot microscope (Zeiss, Oberkochen). Using 
bright field illumination, the slide was scanned along one to three 
lanes of 1.25 mm width and 73 mm length (= 91.25 mm 2 per lane). 
The data from the counting were calculated on individuals per cm 2, 
statistically recorded and compared. The second slide was used for 
closer examination a d species determination with higher magnifia- 
tion (400 to 1000 fold). 
All occurring protists were counted. If the density of the individ- 
uals was too high, the number was estimated. Heterotrophic flagel- 
lates (HF) within the size range of 2-20 )am were - if not definitely 
determined - comprised in one group (SIEBURTH et al. 1978). Unicel- 
lular green algae were only estimated and their relative abundance 
was determined. Rotifers and other metazoans were also considered. 
Besides sessile species, vagile and free swimming organisms were 
counted. 
Some species were observed using phase contrast (Phaco) or dif- 
ferential interference contrast (DIC). They were documented by 
drawings and micrographs. One slide per sampling site and date was 
regularly used for protargol impregnation according to WILBERT 
(1976). 
Results and Discussion 
Annual cycle of the periphyton 
The comparison of the seasonal distribution of all major 
groups of periphyton organisms reveals a high similarity for 
the four lakes (Fig. 2): With few exceptions, the flagellates 
dominated the periphyton of all the investigated lakes 
throughout the year. Their relative abundance ranged from 
85-95% in the winter to 40-90% in the summer. This strong 
dominance of the flagellates is due to the method, since the 
presentation of abundances prefers smaller organisms, which 
generally occur in higher individual numbers. During the 
winter months, small heterotrophic flagellates (HF) domi- 
nated the periphyton, in March increasingly bodonid flagel- 
lates occurred on the slides. Their number decreased in sum- 
mer and fall. With the break of the ice covering in March, eu- 
glenids and chlamydomonads reached maximum abun- 
dances, but in the following weeks they were repressed by 
other green algae. Together with filamentous green algae, 
choanoflagellates were abundant in the periphyton from 
May to July. Flagellates of the other taxonomic groups 
(chrysomonads, cryptomonads and dinoflagellates) also oc- 
curred mainly from May to September on the slides. At that 
time the number of species showed greatest variance. Strik- 
ing was the change in the abundances of flagellates and cili- 
ates: The first colonized the slides mostly from October to 
April, the latter were mainly found from May to September. 
Ciliates reached a first peak in May, after that their number 
decreased quite quickly. A second maximum was reached in 
September. Both maxima were due to the occurrence of ses- 
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Fig. 2. Seasonal distribution of the major organism groups in the four investigated bog lakes from September 1992 to September 1993. 
G - Lake GroBer Barschsee; H - Lake Himmelreichsee; K - Lake Kleiner Barschsee; T - Lake Teufels-See. 
sile peritrich ciliates. With beginning of the colder season 
(October), euglenids were found more frequently on the 
slides. From November on, heterotrophic flagellates again 
dominated throughout the winter. 
Sarcodines were only present with low individual num- 
bers. They colonized the slides from spring to fall with high- 
est abundances in late summer, which is congruent with dif- 
ferent results for planktonic species reviewed by ARNDT 
(1993). During the winter months they were not represented 
in the periphyton, except in lake GroBer Barschsee. Since the 
heliozoans made up the main part of the sarcodines, the as- 
sumption must be made that amoebae were partly over- 
looked (ANDERSON 1997; ARNDT 1993). Especially small 
forms on green algae are difficult to observe during the rou- 
tine counting, and in general enrichment methods have to be 
applied to estimate abundances of naked amoebae (ARNDT 
1993). ARNDT (1993) described that planktonic amoebae can 
reach abundances as high as those of flagellates. This may 
also be true for the periphyton species. Nevertheless, the 
number of amoebae in oligo- and mesosaprobic habitats is 
lower than in polysaprobic environments. Testate amoebae 
were not taken into account, since a definite separation of all 
specimens in living and dead cells (empty shells) was not 
feasible during the routine counting. 
Metazoa partly reached high individual numbers and rela- 
tive abundances. The maxima were found in late summer 
and fall (July to September 1993). At the same time, the 
number of ciliates and flagellates decreased. During the win- 
ter, metazoa were not observed on the slides of Lake Him- 
melreichsee and Lake Teufels-See. In the lakes GroBer and 
Kleiner Barschsee, however, metazoa were present through- 
out the year. From spring to fall they partly reached relative 
abundances of 5-15%. Metazoa comprised in relation to 
their biomass a significant part of the periphyton community, 
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Fig. 3. Seasonal distribution of the flagellates in the four investigated bog lakes from September 1992 to September 1993. G - Lake Groger 
Barschsee; H - Lake Himmelreichsee; K - Lake Kleiner Barschsee; T - Lake Teufels-See. 
especially if the data are compared to other observations, e.g. 
ARNDT & MATHES (1991), who noted that river zooplankton 
consists to 75-98% (biomass) of protists. Among the meta- 
zoa, rotifers appeared in high abundances, and they can be 
assumed as the dominating metazoan taxon in acid bog 
lakes. 
A list of all species recorded in the course of this investi- 
gation is given in STR1JDER-KYPKE ~3 SCHONBORN (1999, this 
volume). 
• Flagellates (Fig. 3) 
By dividing the flagellates into three major growth 
modes, it becomes distinct hat mostly heterotrophic flagel- 
lates colonized the slides below the Sphagnum ats. During 
the winter months (November 1992 to March 1993), het- 
erotrophic flagellates comprised the most important group in 
all four lakes. Autotrophic flagellates were found more fre- 
quently in the smaller lakes Teufes-See and Kleiner 
Barschsee, since those locations partly revealed better light 
and nutrient conditions. In general, the relative abundances 
of autotrophic species were highest in early spring, at the end 
of the ice covering. Apart from occasional events, 
mixotrophic flagellates reached only small relative abun- 
dances. 
In Lake Himmelreichsee, 60-98% of the flagellates were 
heterotrophic. Autotrophic and mixotrophic flagellates were 
of minor importance, only sometimes a bloom of planktonic 
organisms (e.g. Dinobryon i  May 1993) could be observed 
on the slides. In Lake Teufels-See, autotrophic flagellates 
(mostly cryptomonads and chlamydomonads) were also 
found during the winter, but their number was very low. 
They reached high relative abundances in March as well as 
in July and August 1993. Mixotrophic species (mainly 
chrysomonads and some dinoflagellates) presented a relative 
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important group of the periphyton in summer and fall. Het- 
erotrophic flagellates showed relative abundances of 
65-95%. In Lake Groger Barschsee, autotrophic species 
reached comparably high abundances in fall 
(September-November 1992) and spring (March and April 
1993). Nevertheless, the number of individuals was relative- 
ly low at that time. Mixotrophic genera occurred in higher 
abundances only in September (Dinobryon) and April 1993 
(Amphidinium, Gymnodinium). In Lake Kleiner Barschsee 
the autotrophic flagellates showed high abundances 
(30-90%) within the flagellate population from September 
1992 to April 1993. Even their individual number was rather 
high in December 1992 and April 1993. Heterotrophic flag- 
ellate species dominated the periphyton from October to 
November 1992 with 70% relative abundance. 
Almost all slide holders were exposed beneath the Sphag- 
num mat, with only minor light impact. This may be one rea- 
son for the little importance of auto- and mixotrophic 
species. A study in the Mediterranean Sea revealed that the 
biomass and the occurrence of autotrophic as well as 
mixotrophic species depends on the light conditions 
(BERNARD & RASSOULZAOEDAN 1994). The minor impor- 
tance of mixotrophic flagellates may also be due to the fact 
that most mixotrophs were planktonic species (e.g. most di- 
noflagellates, chrysomonads like Synura, Dinobryon, 
Ochlvmonas, Mallomonas). Therefore they occurred only in 
small numbers on the slides. Other investigations, however, 
imply that mixotrophic protists in general are not very im- 
portant in oligotrophic habitats (ARNDT & BERNINGER 1995; 
BERNINGER et al. 1992; CARRIAS et al. 1996). 
Heterotrophic flagellate species with uncertain taxonomic 
positions composed a significant part of the periphyton. This 
group comprises mall flagellates which are difficult to de- 
termine like species of the orders Cercomonadida and Than- 
matomastigida. Additionally, well described genera like 
Spongomonas, Rhipidodendron and Cyathobodo have to be 
treated as incertae sedis, since their relationship to other taxa 
could not be resolved yet (PATTERSON & ZOLFFEL 1991; 
STRODER-KYPKE & HAUSMANN 1998). One reason for the 
dominance of this group is the fact that it comprises a rela- 
tive large number of species. Furthermore, the colonization 
of the slides was still in a primary stage after two weeks and 
heterotrophic flagellates are typical pioneer species. Espe- 
cially in winter they comprise the main part of periphyton 
communities (ZOLOTAREV 1995). 
In early summer (May to June 1993), choanoflagellates of 
the genus Salpingoeca reached high abundances. The food 
spectrum for these filter feeders is greatest in spring and 
summer. Studies of the plankton of other lakes indicate that 
choanoflagellates are frequent in this season, too (SANDERS 
et al. 1989). In the bog lakes they colonized filamentous 
green algae and diatoms like Tabellaria which were most 
abundant at that time. Although the green algae occurred 
throughout the summer on the slides, the abundance of the 
choanoflagellates decreased during the summer. This may be 
explained by the food competition with larger filter feeders 
like peritrich ciliates. A comparison of the annual cycles of 
vorticellids and choanoflagellates reveals a distinct domi- 
nance change of V. convallaria nd Salpingoeca. 
All other flagellate taxa contributed variably to the peri- 
phyton community, but in general they were of minor impor- 
tance: Bodonids occurred throughout the year in low abun- 
dances on the slides and became dominant with missing com- 
petition of other species. They feed on bacteria which are at- 
tached to detritus flakes and submersed plant parts (SANDERS 
et al. 1989). Most of Bodonids are ubiquitous and pioneer 
species on newly exposed substrates (CAIRNS & HENEBRY 
1982). They reach highest abundances in polysaprobic habi- 
tats; in oligo- and mesosaprobic environments heir species 
and individual number is comparably lower (ZOLOTAREV 
1995). During the summer months they were repressed from 
the slides, since these were densely colonized by green algae. 
Furthermore the food competition of other species (especially 
of bacterivorous ciliates) was very high at that time. In winter 
the food supply was very low, therefore bodonids occurred 
only in small individual numbers. 
Chlamydomonads partly dominated the aufwuchs in the 
spring months. They reached a first maximum after the end 
of the ice covering in March and April, what earlier was ob- 
served by WILBERT (1969). During the summer they were 
also abundant in the periphyton. Non-motile, colonial 
species which were not counted, however, made up the most 
significant part of the green algae. In Lake Kleiner Barsch- 
see, chlamydomonads were the dominating roup through- 
out the year (20-90%). 
Chrysomonads were found only in low abundances. Most 
species of this group live planktonic, so they rarely occur in 
the region near the Sphagnum mat. Only occasionally a 
planktonic bloom was also recognizable on the slides (e.g. a 
bloom of Dinobryon was noticed at site A of Lake Himmel- 
reichsee; at site B, however, it had no influence). Since 
planktonic protists are not evenly distributed in the lake, it is 
difficult to observe them at firm locations. 
Cryptomonads were mainly observed in the periphyton of 
the upper region of the Sphagnum mat. This suggests a 
planktonic occurrence in surface-near regions. The deter- 
mined species are almost exclusively autotrophic (SANDERS 
& PORTER 1990). Therefore they were - although being able 
to live mixotrophic (PORTER 1988) - classified as autotrophic 
flagellates. The only heterotrophic species that appeared reg- 
ularly in low abundances on the slides was Goniomonas 
truncata. 
Euglenid autotrophic flagellates were rarely observed. 
They were more frequent in the upper region of the Sphag- 
num mat, probably due to the light conditions. Euglenid flag- 
ellates with chloroplasts are considered to be strictly au- 
totrophic (SANDERS & PORTER 1990). Heterotrophic eu- 
glenids are mainly distributed in polysaprobic waters 
(ZOLOTAREV 1995). This explains their minor importance in 
the periphyton of the studied 
398 Limnologica 29 (1999) 4 
Dinoflagellates a predominantly planktonic species were 
found only in low abundances on the slides, whereas they 
partly reached high abundances in the plankton of the lakes 
Himmelreichsee and Kleiner Barschsee. 
• Ciliates (Fig. 4) 
The ciliates significantly contributed to the periphyton 
community during spring and fall. In the lower regions of the 
Sphagmtm ats, they were represented mostly by sessile 
species. Only in winter and among a small number of indi- 
viduals vagile and free swimming species reached higher el- 
ative abundances. 
In the lakes Himmelreichsee and Teufels-See, about 
60-80% of the ciliates were sessile, mostly peritrich genera 
like Vorticella nd Ophrydium. In Lake Kleiner Barschsee, 
sessile individuals belonged mostly to the peritrich genus 
Ophrydium and, in smaller amounts, to Vorticella. The ciliate 
community of Lake GroBer Barschsee was comprised to 
60-98% of sessile peritrichs (Vorticella). Only in March and 
April vagile ciliates composed a considerable part of the 
group. This may in part be due to the fact that slides as artifi- 
cial substrates promote the colonization of sessile species 
(BAMFORTH 1982; WEITZEL et al. 1979; WmBEmC 1969; and 
own observations). Furthermore, sessile filter feeders like 
peritrichs find more nutrients in the lower regions of the 
Sphagnum at than in the more oligotrophic upper layers. 
The vagile ciliates were almost exclusively comprised of 
bacterivorous or herbivorous pioneer species that occurred 
throughout the year in low numbers and reached high rela- 
tive abundances mainly during the winter months. 
The observed annual cycles are in accordance with data of 
GROLIERE (1977b, 1978): During the winter only few or even 
no ciliates were found in the periphyton. The highest abun- 
dances were reached in spring and in fall - after a slight de- 
crease during the summer. GROLr~RE (1978) found ciliate 
species with high abundances and low biomasses (mainly 
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Fig. 4. Seasonal distribution of the ciliates in the four investigated bog lakes from September 1992 to September 1993. G - Lake Groger 
Barschsee; H - Lake Himmelreichsee; K - Lake Kleiner Barschsee; T - Lake Teufels-See. 
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bacterivorous specimens) mostly in the upper region of the 
Sphagnum at and observed predatory species in low abun- 
dances and with high biomasses in the lower region. This 
difference to our observations may be due to the methods 
used, since GROLIgRE examined water which he squeezed out 
of Sphagnum samples. 
Succession (Fig. 5) 
In all lakes the primary colonization happened within two to 
six weeks. During the winter months the initial stage lasted 
about six weeks, in summer the equilibrium was reached 
after four weeks. 
Slides as artificial substrates are firstly colonized by bac- 
terivorous, vagile pioneer species (heterotrophic flagellates 
and ciliates). In the course of the exposure their number de- 
creases, and larger species with a broader food spectrum (es- 
pecially ciliates), as well as autotrophic flagellates and ses- 
sile filter feeders occur. The number of species increases, eu- 
glenids, chrysomonads and cryptomonads dominate occa- 
sionally the community. After that predatory protists and 
metazoa immigrate the periphyton. 
Other lakes reveal a similar kind of primary colonization. 
ZOLOTAREV (1995) showed heterotrophic flagellates domi- 
nating the initial stages of periphyton colonization. RAII.KIN 
(1995) reported for the mesotrophic White Sea that an equi- 
librium was reached after one month; BAMFORTH (1982) 
T ime o f  exposure o f  slides 
4 
noted that in oligotrophic lakes a primary colonization may 
last up to 12 weeks; CAIRNS & HENEBRY (1982) studied the 
course of colonization by means of blocks of polyurethane 
foam and observed a still high percentage ofpioneer species 
in the periphyton after 1-3 weeks. Typical pioneer species 
are for example: Bodo sp., Goniomonas truncata, Chlamy- 
domonas sp., Ochromonas p., Cinetochilum margari- 
taceum, Chilodonella uncinata, Cyclidium mucicola. In eu- 
trophic habitats, however, the primary colonization reaches 
its climax on average within two weeks (WmBERT 1969). 
The colonization of a new substrate depends on the size 
and physical conditions of the substrate, the distance to colo- 
nized habitats (epicenters), and the age of those epicenters 
which are the source of the immigrating species. The prima- 
ry, non-interactive phase of colonization is influenced by 
these external factors. Generally, all species are able to im- 
migrate. Some of them stay and reproduce, others are ex- 
tincted. In bogs the immigration process is faster than in 
oligotrophic lakes, since they show a high productivity and 
distinct epicenters do not exist. The primary colonization 
equivalently takes place everywhere in the bog lakes 
(CAIRNS & HENEBR¥ 1982). Once the immigration phase 
ends, the early and late interactive phases follow, in which 
external circumstances play only a minor role for the compo- 
sition of the periphyton. Internal factors like competition and 
predation pressure are more important in those stages 
(CANONS & HENEBR¥ 1982; RAILKI~ 1995). 
6 weeks 
m heterotrophic flagellates 2 - 20 um 
vagile ciliates < 40 gm 
large heterotrophic flagellates 
20 - 50 ,urn 
vagile ciliates > 40 gm 
autotrophic flagellates 
sessile filter feeders 
predatory protists 
metazoa 
Fig. 5. Succession of the organism 
groups during the primary coloniza- 
tion of the slides. 
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In the course of the colonization the percentage of the 
colourless flagellates decreased, the other flagellate taxa and 
the ciliates, however, composed a relatively larger part of the 
periphyton. Besides that, sessile species occurred more nu- 
merous with longer exposition. RAILKIN (1995) described by 
means of exposed slides in the White Sea the following suc- 
cession of new artificial substrates: At first, bacteria colonize 
the slide, followed by diatoms, autotrophic flagellates, and 
heterotrophic flagellates. Next groups are the amoebae, cili- 
ates and heliozoa. This study couldn't reveal those first 
stages of the primary colonization for the bog lakes, but a 
similar course can be assumed. Especially during the winter 
months, the periphyton community was comprised of bacte- 
ria and heterotrophic flagellates. Concerning the sessile 
species, the slower colonization i  the winter is evident. 
Heterotrophic flagellates are commonly bacterivorous or
osmotrophic and therefore they as well as some ciliate 
species can be assumed as typical pioneer species on newly 
exposed substrates (YONGUE & CAIRNS 1978; ZOLOTAREV 
1995). Because of their small size and their higher division 
rate they spread more easily on the new substrate than cili- 
ares. With increasing density, however, they are partly re- 
pressed. ZOLOTAREV (1995) distinguished two stages of the 
primary succession of mesotrophic lakes: At the beginning, 
sessile species dominate the periphyton, but after that more 
and more vagile species appear. This succession was not 
found in the investigated bog lakes, where vagile species 
dominated at the beginning, followed by subsequently large 
percentages of sessile species. Especially during the winter 
months only few choanoflagellates occurred as sessile 
species. The individual numbers of the ciliates decreased 
after an exposure of four weeks, since the bacterivorous pio- 
neer species are generally smaller and more numerous than 
the following predatory ciliates. 
Comparison of the different sampling sites 
The comparison of different sites within one lake reveals dis- 
tinct differences in the composition of the periphyton within 
the bog lakes. 
• Two sampling sites within the same l ake  
The two sampling sites in Lake Himmelreichsee r vealed 
differences to each other which were only striking for the 
first periods of the colonization (Fig. 6). These differences 
decreased with increasing exposure time. In general, flagel- 
lates showed a higher percentage at site A. Site B instead 
showed comparably more ciliates than site A. Those differ- 
ences became smaller after four and six weeks exposure 
time. Concerning the taxonomic groups of flagellates, fur- 
ther differences became obvious: Site A was generally more 
inhabited by heterotrophic flagellates of insecure taxonomic 
position, cryptomonads, chrysomonads, and chlamydomon- 
ads. Site B showed a higher percentage of bodonids, 
choanoflagellates and dinoflagellates. 
The locations in Lake Himmelreichsee were different 
only in the primary phase of colonization. In the further 
course the periphyton community became more and more 
similar. Reasons for the different course of colonization are 
factors like light impact, influence of the Sphagnum at on 
the chemism of the water, and water depth. 
Contrary to Lake Himmelreichsee, the two sampling sites 
of Lake Groger Barschsee revealed two totally different 
communities according to their different light and trophic 
conditions (Fig.7). The differences in the periphyton compo- 
sition increased with the exposure time. In general, the slides 
at site B were denser colonized, their number of individuals, 
however, showed larger oscillations (the same variation was 
noted for the upper region of the Sphagnum by GROLIERE 
1977b). At site A more heterotrophic flagellates and sessile 
ciliates were observed, whereas at site B autotrophic flagel- 
lates and vagile ciliates dominated the periphyton. Highest 
abundances were reached in May by zoochlorellae-harbor- 
ing specimens of ciliates, amoebae and heliozoa. The upper 
region of the Sphagnum at is rather oligotrophic, due to the 
permanent growth of new Sphagnum shoots and the lack of 
decomposition of old plant parts. Therefore the motility, the 
symbiosis with zoochlorellae and a broad food spectrum are 
adaptations tothese oligotrophic onditions. But also colour- 
less, heterotrophic flagellates and ciliates were found. These 
results are congruent with studies of HARNISCH (1929) and 
GROLIERE (1977b), who observed zoochlorellae-harboring 
species of bogs only in the oligotrophic habitats with enough 
light impact. Site A comprised more heterotrophic flagellates 
incertae sedis, more chrysomonads and partly more chlamy- 
domonads. At site B mostly cryptomonads dominated the 
periphyton and sometimes euglenids and bodonids were 
found. Apart from that, in the course of the exposure site A 
was distinctly more inhabited by sarcodines and metazoa 
than site B. 
The locations in Lake Groger Barschsee represent two 
different habitats. Inspite of a high species identity, the dom- 
inance structures were totally different. At each sampling 
site, different periphyton organisms dominated. The loca- 
tions differed mainly concerning the light impact, the pH and 
the food supply. 
It becomes obvious that the vertical zoning in the bog 
lakes is more distinct han the horizontal zoning. The slides 
in Lake Groger Barschsee revealed less similarities than the 
slides in Lake Himmelreichsee. There the composition of the 
periphyton became similar after a longer exposure, so the 
differences were only present during the primary phase of 
colonization. In Lake Groger Barschsee, however, the differ- 
ences increased with the time and therefore the development 
of two different communities can be assumed. 
The sampling site B of Lake Groger Barschsee is different 
from all other sites, suggesting that the upper region of the 
Sphagnum at differs from the lower region. This is in ac- 
cordance with observations by GROLIERE (1977b) who stud- 
ied the occurrence of ciliates in comparable habitats of dif- 
Limnologica 29 (1999) 4 401 
100 
80 
.~ 6o 
t-, 
40 09 
.,> 
20 
a 
76 56 98 
I 
A B 
Sep. 
A B 
Oct. 
54 61 182 71 199 233 316 
i 
I 
1 
i i , . . _ l  
A B A B A B 
Nov. Dec. Mar. 
• autotrophic 
327 27 
A B 
May 
[] mixotrophic [] heterotrophic 
91 78 164 137 295 72 63 70 
mN_ 
A B 
Jun. 
........... r 
A B A B 
Jul. Aug. 
A B 
Sep. 
• sessile [] vagile 
19 33 110 62 8 7 7 13 8 23 80 345 56 61 35 59 39 131 55 60 
100- 
80- 
o 
,~ 60 
e- 
ea 
o 40- 
> 
20- 
0~ 
A B A B A B A B A B A B A B A B A B A B 
b sep. oct. Nov. Dec. Mar. May Jun. Jul. Aug. Sep. 
Fig. 6. Comparison of the sampling sites A and B in Lake Himmelreichsee. a - Relative abundances offlagellates; b- relative abundances of
ciliates. The number on the top of each column indicates the absolute individual number per cm 2. 
ferent bogs. Differences to his studies are obvious, however, 
in the species composition (see STRODER-KYPKE & SCHON- 
BORN 1999, this volume). 
• Sampl ing  s i tes  of  al l  l akes  
The four lakes show similiarities but also differences in 
their periphyton community. First, all locations were com- 
pared concerning their species composition. Therefore, the 
quotient of similarity after SORENSEN (1948) was calculated 
(Table 1). It expresses the ratio between the species common 
to two sampling sites and all different species occurring on 
the slides without considering the relative abundances. Only 
definitely determined species were included, the metazoa 
and the heterotrophic nanoflagellates were not taken into 
account. 
In general, the species identities were very high: They 
ranged from 89-95%, with an average of 91.9% (Table 1). 
Those high species identities for the periphyton communities 
of all lakes characterize them as equivalent habitats concern- 
ing the species composition. Lake Himmelreichsee and Lake 
Groger Barschsee showed the highest similarities. During 
the initial stages of colonization (after 2 weeks), the species 
identities were the lowest, but their value increased with in- 
creasing exposure time (4 and 6 weeks). 
Differences between the sampling sites became obvious, 
when the dominance identities after RENKONEN (1938 ) were 
determined (Fig. 8). This parameter considers the relative 
abundance of the species. In contrary to the species identity, 
the dominance identity partly reveals large differences be- 
tween the sampling sites. Especially site B of Lake Groger 
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Table 1. Quotients of similarity after SOaENSEN (1948) for all sam- 
pling sites. 
G/A - Lake Groger Barschsee, site A; G/B - Lake Groger 
Barschsee, site B; H/A - Lake Himmelreichsee, site A; H/B - Lake 
Himmelreichsee, site B; K - Kleiner Barschsee; T - Lake Teufels- 
See 
H/A H/B T G/A G/B K 
H/A 93.4 89.4 93.5 91.4 90.8 
H/B 93.4 90.4 94.4 92.3 92.6 
T 89.4 90.4 90.6 90.1 90.3 
G/A 93.5 94.4 90.6 94.1 92.7 
G/B 91.4 92.3 90.1 94.1 92.2 
K 90.8 92.6 90.3 92.7 92.2 
periphyton communities in comparable habitats and by the 
very high species identity for all sampling sites. 
In all lakes, the climax of the primary colonization was 
reached after four to six weeks, depending on the season. 
This relates the lakes to other oligo- to mesotrophic habi- 
tats. 
458.5 463.1  450 .8  465.3  460.1  458.6 
Q 91.7 92.6 90.2 93.1 92.0 91.7 
Barschsee is distinctly different o all other sampling sites. 
The highest similarity exists between the two sites of Lake 
Himmelreichsee with 74.6%. The different abiotic and biot- 
ic parameters, however, have influence on the dominance 
structures. Following the diagram, three types of communi- 
ties can be defined: Type I comprises Lake Himmelreich- 
see, Lake Teufels-See and site A of Lake GroBer Barschsee. 
Type Ia of Lake Kleiner Barschsee resembles type I 
(30-60%), it can be considered as a subgroup or transitional 
group. An eutrophication caused by the small size of the 
bog resulted in distinct changes of the periphyton commu- 
nity (e.g. higher abundances of peritrichs and chlamy- 
domonads). Definitely different is the type II of site B in 
Lake Groger Barschsee. There is only minor similarity to 
the other sampling sites, these differences remain even at 
longer exposure times. 
Conclusions 
All results show that a strong vertical zoning exists within 
the upper 30 cm of the bog lakes. The similarities of sam- 
pling sites at the same depth between different lakes are 
higher than those of the upper and the lower regions of the 
Sphagnum ats within one lake. GROLI~RE (1977b) de- 
scribed a zonation for ciliates, SCH6NBORN (1963) and 
MEISTERFELD (1977) for testate amoebae, and the same is 
demonstrated for the entire periphyton community. The 
upper region is dominated by autotrophic flagellates and 
vagile zoochlorellae-harbouring protist species. In the lower 
region of the Sphagnum at, predominantly heterotrophic 
flagellates and sessile ciliates occur. The latter are not rare as 
indicated from other studies, but can reach very high abun- 
dances. 
Generally, the four bog lakes are equivalent habitats 
which is shown by the rather uniform annual cycles of the 
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Information 
Zum Zusatzstudiengang Naturschutz an der Hochschule Vechta 
Vor drei Jahren wurde an der Hochschule Vechta das Institut for 
Naturschutz und Umweltbildung egrtindet. Das Institut bietet seit 
dem Wintersemester 1996/97 den Zusatzstudiengang Naturschutz 
an. Hier wird die M6glichkeit geboten, nebenberuflich den 
akademischen Grad des Diplom-Okologen, Fachrichtung Natur- 
schutz zu erwerben. Der Bedarf far einen solchen Zusatzstudien- 
gang ergibt sich u. a. aus Nachfragen yon Beh6rden, Firmen und 
Verb~inden, die direkt oder indirekt mit Fragen des Naturschutzes 
und der Landschaftspflege b fagt sind und die eine qualifizierte 
Welter- und Fortbildung ihrer Mitarbeiter in diesem Bereich for 
wichtig halten. Einschl~igige Kurse, wie sie von Fachakademien 
angeboten werden, decken oft nur einzelne Aspekte des Natur- 
schutzes ab. Der eingeftihrte Studiengang will diese Li}cken 
schliegen. Er er6ffnet die MOglichkeit, sich durch ein vielf~ltiges 
Angebot aus grundlagen- und planungsbezogenen Themenberei- 
chen weiter zu qualifizieren, um so den gewachsenen fachlichen 
Anforderungen im Naturschutz gerecht zu werden. 
Das Zusatzstudium istein Vollzeitstudium und umfagt eine Regel- 
studienzeit yon 5 Semestem, inklusive Diplomarbeit. Da sich das 
Lehrangebot an berufst~itige Personen richter, werden die Lehr- 
veranstaltungen a Wochenenden und in Blockwochen kompakt 
angeboten. Insgesamt finden pro Semester 14 Wochenendveranstal- 
tungen (freitags yon 15.00-20.00 Uhr und samstags von 8.00-20.00 
Uhr) sowie jeweils 1-2 Blockwochen statt. Die Blockwochen werden 
in der Regel als Bildungsurlaub anerkannt. In jedem Jahr werden 
augerdem mehrere eint/~gige sowie mindestens eine mehrt~igige 
Exkursion durchgeftihrt. Ziel ist das Kennenlernen mitteleurop~iischer 
Okosysteme im Hinblick auf ihre Bedeutung flir Arten und Lebens- 
gemeinschaften. Die Lehrveranstaltungen werden in Form von Vor- 
lesungen, Seminaren, Labor- and Gelfindepraktika ngeboten. Sie 
umfassen Pflicht- und Wahlpflichtveranstaltungen in den verschie- 
denen Bereichen des Naturschutzes und der angewandten Okologie 
(z. B. Pflanzen- und Tier6kologie, Gew/~sser- und Boden6kologie, 
Raumordnung und Landschaftsplanung, Umweltbildung). 
Das Institut for Naturschutz und Umweltbildung steht in enger 
Kooperation mit anderen Instituten der Hochschule. Dieser inter- 
disziplinfire Ansatz, der sich auch im Studienablauf niederschl~igt, 
gewghrleistet ine breitgefficherte Weiterbildung in allen Diszipli- 
nen des wissenschaftlichen und angewandten Naturschutzes. 
Eingangsvoraussetzung for die Immatrikulation ist ein abge- 
schlossenes Hochschulstudium (Universit~it, Fachhochschule) und 
eine mindestens zweij~ihrige T~itigkeit in einschl~igigen Bemfs- 
feldem (z. B. Ingenieure der Landschaftspflege, d s Wasserbaus, der 
Forstwirtschaft; Biologen, Chemiker, Hydrogeologen etc.). Das 
Studium beginnt jeweils im Wintersemester, wobei maximal 30 
Studierende aufgenommen werden k6nnen. Da der Zusatzstudien- 
gang bislang eine positive Resonanz erfahren hat, sollten Interessen- 
ten ihre Bewerbungen rechtzeitig bis zum 01. September an das 
Studentensekretariat derHochschule Vechta (Eichendorffweg 30, 
49377 Vechta; Tel. 04441/15-373) richten. 
N~ihere Informationen sind zu erfahren beim Sekretariat des In- 
stitutes fiir Naturschutz und Umweltbildung (Frau Eichmann/Frau 
Bohmann, Tel. 04441/15-210, e-mail: inu@uni-vechta.de). 
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